Background. e relationship between heart rate in CAD patients who underwent percutaneous coronary intervention (PCI) and had long-term outcomes over up to 10 years of follow-up has not been investigated. Methods. All patients were from the CORFCHD-PCI, a retrospective cohort study that included a total of 6050 CAD patients who underwent PCI from January 2008 to December 2016. One patient was excluded due to a lack of heart rate data. Ultimately, 6049 patients were enrolled. e primary outcome was long-term mortality after PCI. Results. Patients were divided into 5 groups according to heart rate quintiles: 1st quintile (heart rate <66 beats/min; n � 1123), 2nd quintile (heart rate ≥66 beats/min to 72 beats/min; n � 1010), 3rd quintile (heart rate ≥72 beats/min to 78 beats/min; n � 1442), 4th quintile (heart rate ≥78 beats/min to 84 beats/min; n � 1211), and 5th quintile (heart rate ≥84 beats/min; n � 1263). After multivariate Cox regression analyses, the respective risks of ACM, CM, and MACEs were increased 79.1% (hazard risk (HR) � 1.791, 95% CI: 1.207-2.657, P � 0.004), 56.9% (HR � 1.569, 95% CI: 1.019-2.416, P � 0.041), and 25.5% (HR � 1.255, 95% CI: 0.990-1.590, P � 0.060) in the 4th quintile and 98.7% (HR � 1.987, 95% CI: 1.344-2.937, P � 0.001), 98.8% (HR � 1.988, 95% CI: 1.310-3.016, P < 0.001), and 0.36.1% (HR � 1.361, 95% CI: 1.071-1.730, P � 0.012) in the 5th quintile compared with those in the 1st quintile. Patients with a heart rate of ≥80 beats/min had 89.4%, 115.2%, and 39.1% increased risk of ACM, CM, and MACEs, respectively, compared to those patients with a heart rate of <80 beats/min. Conclusion. e present study indicated that the resting heart rate is an independent predictor of adverse long-term outcomes in CAD patients who underwent PCI.
Introduction
Previous studies demonstrated that resting heart rate is a risk factor for mortality and adverse events in coronary artery disease with left ventricular dysfunction and ST-segment elevation acute myocardial infarction (STEMI) [1] [2] [3] [4] . Recently, O'Brien and colleagues observed an association of the heart rate with outcomes after percutaneous coronary intervention (PCI) and found that the heart rate immediately before PCI is an independent predictor of adverse 30-day cardiovascular outcomes [5] . Most studies that evaluated the association of the heart rate with outcomes in STEMI patients have included a follow-up duration of up to 6 months [5] [6] [7] [8] [9] . e relationship between heart rate and long-term outcomes of patients with PCI has not been thoroughly investigated. Antoni et al. reported a relationship between heart rate and 1-year and 4-year outcomes in STEMI patients after PCI.
e authors suggested that, in STEMI patients treated with primary PCI, heart rate at discharge was an important predictor of mortality during a follow-up for up to 4 years, even after adjustment for parameters reflecting a greater infarct size and the presence of heart failure [10] . However, Antoni et al. [10] included only 1453 patients, and the longest follow-up duration was 4 years. No studies with a larger sample size or longer duration of follow-up have been performed in recent years. Accordingly, in the present study, we aimed at investigating the relationship between heart rate before PCI and clinical outcomes for up to 10 years in patients with CAD who underwent PCI.
Methods

Study Design and Population.
All patients were from the Clinical Outcomes and Risk Factors of Patients with Coronary Heart Disease after PCI (CORFCHD-PCI) study, which is a large, single-center retrospective cohort study based on case records and follow-up registry performed at the First Affiliated Hospital of Xinjiang Medical University.
e details of the design have been registered on http://www. chictr.org.cn (Identifier: ChiCTR-ORC-16010153). In brief, the CORFCHD-PCI study was designed to evaluate the clinical outcomes and risk factors of CAD patients after PCI. We collected demographic data, clinical characteristics, risk factors, blood samples, biochemical data, ECG data, echocardiography, coronary angiography and PCI procedures, and short-term and long-term outcomes for CAD patients who underwent PCI at the First Affiliated Hospital of Xinjiang Medical University between January 2008 and December 2016.
In the present study, a total of 6050 patients with CAD after PCI were evaluated initially. One patient was excluded due to a lack of heart rate data. Ultimately, 6049 patients were enrolled in the present study. Figure 1 shows the flowchart of inclusion and exclusion of the participants. e study protocol was approved by the ethics committee of the First Affiliated Hospital of Xinjiang Medical University. Because of the retrospective design of the study, the need to obtain informed consent from eligible patients was waived by the ethics committee.
Endpoints.
e primary endpoints of the present study were long-term all-cause mortality (ACM) and cardiac mortality (CM). e secondary endpoints included stroke, bleeding events, readmission, and the major adverse cardiac events (MACEs), defined as the combination of cardiac death, recurrent myocardial infarction, and target vessel reconstruction.
Data Collection.
Demographic data, cardiovascular risk factors, coronary angiography and PCI procedure indices, and laboratory data for all patients were recorded. e aim of the present study was to assess the relationship between heart rate and outcomes over up to 10 years of follow-up. For this purpose, resting heart rate was measured from 12-lead electrocardiography before PCI. We recorded cardiovascular risk factors, such as smoking, drinking, and history of diabetes mellitus and hypertension. We also collected the medical history and medication information, including antiplatelet therapy, CCBs, ACEIs or ARBs, β-blockers, and statins. Fasting blood samples were collected before coronary angiography. Serum concentrations of electrolytes, liver function, renal function, the myocardial enzyme profile, and blood glucose were measured using standard methods in the Central Laboratory of the First Affiliated Hospital of Xinjiang Medical University.
Statistical Analyses.
Continuous data are presented as the mean ± standard deviation (mean ± SD). Categorical data are presented as frequencies and percentages. Heart rate was analyzed as a continuous variable categorized into five groups by quintiles (<66, 66-72, 72-78, 78-84, and ≥84 beats/min). All analyses were performed using SPSS 22.0 for Windows statistical software (SPSS Inc., Chicago, IL, USA).
e differences between normally distributed numeric variables were analyzed by one-way ANOVA, while nonnormally distributed variables were analyzed by the Mann-Whitney U test or Kruskal-Wallis variance analysis as appropriate. e chi-square (χ 2 ) test was employed for the comparison of categorical variables. Kaplan-Meier analysis was used for cumulative incidence rates of long-term outcomes, and the log-rank test was used for comparisons between groups. Multivariable analysis was performed to assess the predictive value of heart rate for outcomes over up to 10 years of follow-up. Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated. P < 0.05 was considered indicative of significance.
Results
Baseline Data.
A total of 6049 patients, including 2044 ACS patients and 4005 stable CAD patients, were divided into 5 groups according to heart rate quintiles: 1st quintile (heart rate <66 beats/min; n � 1123), 2nd quintile (heart rate ≥66 beats/min to 72 beats/min; n � 1010), 3rd quintile (heart rate ≥72 beats/min to 78 beats/min; n � 1442), 4th quintile (heart rate ≥78 beats/min to 84 beats/min; n � 1211), and 5th quintile (heart rate ≥84 beats/min, n � 1263). Baseline data are shown in Table 1 . In the total population, a number of variables were significantly different between these five groups, including age, SBP, DBP, hypertension, diabetes, and use of β-blockers, aspirin, and statins (all P < 0.05). We did not find significant differences among these groups in therapy with calcium channel blockers (CCBs), ACEIs or ARBs, clopidogrel, LVEDD, LVEF, smoking, alcohol drinking, BMI, BUN, Cr, GLU, UA, TC, TG, HDL-C, LDL-C, ApoA1, ApoB, or Lp(a) (all P > 0.05). In addition, several characteristics of lesions and some PCI parameters between these 5 groups showed significant differences, such as CTO and multivessel lesions. In the ACS patients, we also found significant differences among these 5 groups in diabetes, hypertension, age, SBP, DBP, HR, CTO, and multivessel lesions. In the stable CAD patients, significant differences were observed among these 5 groups in diabetes, hypertension, age, SBP, DBP, HR, CTO, multivessel lesions, and treatment with clopidogrel and aspirin. Table 2 , there were 309 cases of all-cause mortality (ACM) during the follow-up. In total, the incidence of ACM in the 1st quintile was 43 (3.8%), the 2nd quintile was 38 (3.8%), the 3rd quintile was 62 (4.3%), the 4th quintile was 77 (6.4%), and the 5th quintile was 89 (7.0%). e ACM incidence was significantly higher in the 4th and 5th quintiles compared to that in the 1st quintile (both P < 0.001). We also found that CM occurred in 251 patients: 37 (3.3%) in the 1st quintile, 26 (2.6%) in the 2nd quintile, 48 (3.3%) in the 3rd quintile, 60 (5.0%) in the 4th quintile, and 80 (6.3%) in the 5th quintile. ere was a significant difference in the CM incidence among these 5 groups (P < 0.001). Regarding the secondary endpoints, we found a significant difference among these 5 groups only in the incidence of MACEs (P � 0.018). ere were no significant differences among the groups in the incidence of stroke, readmission, or bleeding events (all P > 0.05). In the ACS patients, we found that there were significant differences among these groups in the incidence of ACM, CM, MACEs, and stroke. However, in the stable CAD patients, we found that there were significant differences among these groups only in the incidence of ACM and CM.
Clinical Outcomes. As shown in
Kaplan-Meier curves for heart rate divided by quintiles and adverse outcomes are shown in Figure 2 . Patients in the 4th quintile with a heart rate of 78-84 beats/min and the 5th quintile with a heart rate of 84 beats/min or higher showed significantly higher event rates for ACM (6.4% vs. 3.8% and 12.2%) compared with patients in the lowest quintile with a heart rate lower than 66 beats/min. ese differences were also found in both ACS patients and stable CAD patients (data not shown).
Multivariable analysis was performed to assess the prognostic value of heart rate for adverse outcome after adjusting for age, the presence of hypertension, diabetes, SBP, DBP, CTO, multivessel lesions, LVEDD, and LVEF, as well as therapy with β-blockers, aspirin, and statins. After multivariate Cox regression analyses, the respective risks of ACM, CM, and MACEs were increased 79.1% (hazard risk (HR) � 1.791, 95% CI: 1.207-2.657, P � 0.004), 56.9% (HR � 1.569, 95% CI: 1.019-2.416, P � 0.041), and 25.5% (HR � 1.255, 95% CI: 0.990-1.590, P � 0.060) in the 4th quintile and 98.7% (HR � 1.987, 95% CI: 1.344-2.937, P � 0.001), 98.8% (HR � 1.988, 95% CI: 1.310-3.016, P < 0.001), and 0.36.1% (HR � 1.361, 95% CI: 1.071-1.730, P � 0.012) in the 5th quintile compared to those in the 1st quintile (Tables 3-5) .
As shown in Table 6 , analyses with heart rate as a continuous variable showed that every increase of 1 beat/ min resulted in a significantly increased risk of 2.7%, 3.0%, and 1.7% for ACM, CM, and MACEs, respectively. In addition, compared to a heart rate of less than 80 beats/min, a heart rate ≥80 beats/min conferred 89.4%, 115.2%, and 39.1% increased risk of ACM, CM, and MACEs, respectively. ese trends were also observed in both the ACS patients and stable CAD patients.
Discussion
In the present study, we demonstrate that resting heart rate in CAD patients treated with PCI was an independent predictor of adverse outcomes over up to 10 years of followup. e present results indicate for the first time the strong relationship between heart rate and adverse outcomes over a follow-up period of up to 10 years in CAD patients who underwent PCI.
Previously, many studies that investigated the relationship between heart rate and prognosis of CAD focused on CAD patients with left ventricular dysfunction or with the onset of acute coronary syndrome (ACS) [1] [2] [3] [4] 11] . Few studies have focused on the relationship between heart rate and outcomes in stable CAD with PCI. Recent research performed by O'Brien et al. [5] reported that heart rate immediately before PCI is an independent predictor for the 30-day outcome. However, the follow-up period in the study by O'Brien et al. lasted only 30 days. e association between heart rate and long-term outcomes of patients remains unclear. A study by Bordejevic et al. [9] suggested that heart rate ≥80 beats/min in STEMI patients at admission is associated with a higher risk of in-hospital death, even after primary PCI. Wang et al. [12] investigated the effect of heart rate on the prognosis of ACS patients in a Chinese population and found that an elevated resting heart rate ≥61 beats/min was associated with an increased risk of MACEs over a one-year period. Jensen et al. [4] enrolled 2029 SCAD or ACS patients who underwent PCI to observe the relationship between heart rate and outcomes after 7 days and 2 years of follow-up. e authors found that an elevated discharge heart rate was independently associated with poor prognosis. However, the longest duration of follow-up was 4 years, and the sample size was relatively small in all of these published studies. In our study, we enrolled 6049 CAD patients who underwent PCI, and the time of follow-up was up to 10 years. To the best of our knowledge, this is the first study to demonstrate the relationship between heart rate and adverse outcomes over up to 10 years of follow-up in CAD patients who underwent PCI.
In clinical practice, beta-blockers are recommended for the secondary prevention of CAD [13] [14] [15] . Heart rate influences myocardial oxygen demand and supply, and a higher heart rate will increase myocardial oxygen consumption [16, 17] .
erefore, therapy for heart rate reduction may benefit patients with CAD. Recently, the association between heart rate and outcome has been investigated extensively. Noman et al. [18] performed a retrospective analysis of prospectively collected data on 2310 PPCI-treated STEMI patients and found that an elevated admission heart rate was associated with long-term all-cause mortality. Furthermore, beta-blocker therapy improved postdischarge survival in patients with an elevated admission heart rate. In Noman et al.'s study, the proportion of patients on beta-blocker therapy was 84.0%. However, in our study, only 40.3% of patients were administered betablockers. Although beta-blockers are recommended for the secondary prevention of CAD, the proportion of betablocker users was very low in our study. e relatively low compliance may be a possible explanation for the relatively low use of beta-blockers in the study cohort. In addition, we also found that there was a significant difference among these 5 groups in beta-blocker usage. However, after adjustment for beta-blockers, the heart rate remains an independent predictor of adverse outcomes, which indicated that the results in our study were not influenced by the usage of beta-blockers.
In our study, comparing heart rate quintiles, we found that only patients in the two highest quintiles (78-84 beats/min, ≥84 beats/min) were at increased risk of adverse outcomes. After adjustments for age, hypertension, diabetes, SBP, DBP, and therapy with beta-blockers, CCBs, and statins, the differences remained significant. We did not find a significant difference between the heart rate <66 beats/min, 66-72 beats/min, and 72-78 beats/min groups in clinical outcomes. erefore, we dichotomized the heart rate at 80 beats/min. We found that patients with a heart rate of 80 or more beats/min had 89.4%, 115.2%, and 39.1%
increased risk for ACM, CM, and MACEs, respectively, compared to patients with a heart rate less than 80 beats/min. In addition, we found that the risk increased by 2.7% in ACM, 3.0% in CM, and 1.7% in MACEs for each increase in the heart rate of 1 beat/min. ere were several strengths of our study. First, this study included a large sample size cohort, which improved the statistical power. Second, all the patients had CAD treated with PCI and experienced long-term follow-up of up to 10 years, and the follow-up duration was the longest compared to previous studies. Finally, we analyzed the data with multifaceted methods, including quintiles, bisection, and continuous variables, with heart rate, and provided a comprehensive understanding of the relationship between heart rate and clinical outcomes. However, the limitations of our study are also mentioned. First, we only collected the baseline heart rate data during the study duration. erefore, the effect of dynamic changes in heart rate cannot be analyzed. Second, the present study is a single-center retrospective cohort design. erefore, our results need to be further verified by a multicenter, prospective study.
Conclusion
In conclusion, the present study suggests that heart rate before PCI was an independent predictor of adverse outcomes during a 10-year follow-up. Our results emphasize the importance of targeting a low heart rate in CAD patients who have undergone PCI.
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